Introduction
Transition metal complexes of thioaldehydes are currently finding renewed attention. Coordination of the C=S-function to a transition metal fragment ML" either end-on via sulfur or side-on via the C= S rt bond protects the thioaldehydes from rapid oligomerization and at the same time activates them to undergo novel reactions [2] [3] [4] [5] . We have recently discovered a new and very facile access to this class of compounds, namely, the /3-hydride abstraction from benzylthiolate complexes of ru thenium (eq. (1)) [6 , 7] . H ere we report an exten sion of this work to analogous rhenium thiolates [Cp(NO)(Ph3 P)ReSCH 2 R]. The chiral rhenium Lewis acid [Cp(NO)(Ph3 P)R e]+ has, through the seminal work of J. A. Gladysz etal., been shown to be an ideal auxiliary which opens up ways to highly stereoselective addition reactions of various kinds of prochiral substrate molecules including, inter alia, aldehydes and ketones [8 - 1 1 ].
Synthesis of Rhenium Thiolate and Thioaldehyde Complexes
Acid cleavage of the readily available methyl complex 1 [1 2 ] in the presence of an excess of thiol results in the formation of the thiol complexes 2 . § . y s -c h 2r W ithout isolation these were deprotonated by chrom atography over silica to give the thiolate complexes 3 in good yields (eq. (2); 3d has been ob tained previously by a different route [13] ). When the reaction was carried out in dichloromethane small amounts of the (chlorom ethyl)thioether com plexes [Cp(NO )(Ph3 P)R eS(C H 2 Cl)CH2 R]BF4 (R = Ph: 4 a, C6 H 4 C1:4 b, C6 H 4 OMe: 4 c) and a trace of [Cp(N O )(Ph3 P)ReCl] were found in the reac tion mixture. In all likelihood these are formed via alkylation of the thiol by the interm ediate dichlor om ethane complex [Cp(NO )(Ph3 P)R eC lCH2 Cl]+ [14] . The formation of such side products is avoided by performing the reaction in toluene or neat thiol.
3 a -e are slightly air-sensitive yellow crystalline compounds which are readily soluble in most of the common organic solvents. They are charac terized spectroscopically by a low v(NO) stretch ing vibration which documents the high donor ability of the thiolate ligands. The methylene pro tons adjacent to sulfur are anisochronic and give rise to well-resolved AB-systems in the !H NMR spectra ( Table I ). The carbon atom of this methyl ene group is strongly coupled to phosphorus with V (P -C ) between 7 and 8 Hz. All other spectro scopic features are as expected and do not need any further comment. The ionic nature of the thi oether complexes 4 a -c is evident from their in solubility in non-polar solvents and a distinct shift of the v(NO) stretching vibration to high energy, as well as downfield shifts of both the 'H and 13C signals of the Cp ring in the NMR spectra. Al though 4 a -c contain two centers of asymmetry no diastereoisomers are observed since thioether complexes rapidly invert at sulfur [15, 16] .
Treatment of solutions of the thiolate complexes 3 a -e in dichlorom ethane at -7 0 °C with a slight excess of triphenylcarbenium hexafluorophosphate results in an instantaneous color change from orange to brown. The known thioformaldehyde complex 5d [13] could only be detected spectroscopically in the crude mixture along with a number of unidentified decomposition products. The higher thioaldehyde complexes were obtained in good yields as yellow crystalline materials (eq. (3)). W hereas we have not been able to synthesize ruthenium complexes of aliphatic thioaldehydes by this route [7] , we have isolated 5e in almost quantitative yield. This is quite a remarkable result since still today there appears to be a lack of gene ral routes to this class of compounds. Conse quently complexes of aliphatic thioaldehydes other than the parent C H 2S have received very little attention [17] [18] [19] .
The new compounds are readily soluble in polar organic solvents without noticeable decom position. A v(NO) vibration around 1750 c i r r 1 (Table II) were present in appreciable quantities they should be discernible by a shoulder at ca. 1700 cm -1 [10] . In addition the ^-co ordination mode is confirmed by a high-field signal of the thioaldehyde carbon at ca. 50 ppm -7 '-coordinated thioaldehydes give rise to resonances at ca. 200 ppm [6 , 7] . Two diastereoisomers can be formed when a prochiral alkene or heteroalkene is coordinated to a chiral metal fragment. In halfsandwich complexes of the type described here an anti arrangem ent of Cp at rhenium and the group R at carbon is therm o dynamically preferred [9] [10] [11] 20] . Accordingly the thioaldehyde complexes 5 are formed as (RR,SS)-diastereomers as shown in eq. (3). Since any other isomer, if present, should be in rapid equilibrium with the predom inant form we carefully checked the complexes 5 by low-tem perature NM R spec troscopy. Only in the case of 5 e at -6 0 °C there appeared a second cyclopentadienyl resonance at 5.50 ppm which probably arises from the (RS,SR)-diastereomer. The ratio (RR,SS): (RS,SR) at this tem perature is 96:4. Similar diastereom er ratios have been found for analogous aldehyde com plexes [1 0 ] which, however, are also in equilibrium with the corresponding ^'-isomers. Obviously thioaldehydes have a higher tendency than oxoaldehydes to form ^-com plexes, which is certainly due to the low energy of the ;r*-level of the C= S bond.
Crystal and Molecular Structure of [Cp(NO)(Ph3P)Re(j72-S=CHPh)]PF6 (5 a)
Details of the structure determ ination are col lected in Table III and in the Experim ental Sec tion. Im portant bond distances and angles are listed in Table IV , a view of the cation of 5 a is shown in Fig. 1 . The close similarity of 5 a and the thioformaldehyde complex 5d [13] is immediately obvious, all the essential features such as ^-c o o r dination of the C=S bond and the tilt of the R e -S -C l plane towards the R e -P bond are retained. The phenyl group, as expected, is positioned anti to the Cp ring where it incurrs the least steric in teractions with the ligands around the rhenium atom. At 170 pm the C -S distance in 5a is dis tinctly smaller than that in 5d (174.2 pm [13] , rjxthiobenzaldehyde complexes typically have C -S distances of 162 pm [6 , 7, 21] ). An analogous de crease of the C -O distance is seen on going from [Cp(N0 )(Ph3 P)Re(?7 2 -0 =CH2)]+ [13] to isostructural ^-com plexes of higher aldehydes [9] [10] [11] . Electron donating substituents at carbon obvi ously weaken the interaction between the HOM O at rhenium and the jr*-level of the C=S bond. This is in accord with the observation that for 5e the corresponding //'-isom er is thermally accessible, at least as a short-lived interm ediate in the epimerization at carbon. For other metal fragments such as [W (CO)5] [22] or [Cp(R3 P)2 Ru]+ [7] ^'/^-e q u ilib ria are commonplace and depend critically on the electron density at the metal as well as the nature of the substituents at the thioaldehyde carbon.
Conclusions
Chiral cationic thioaldehyde complexes of rhe nium are readily accessible via hydride abstraction from the corresponding neutral thiolate com plexes. Obviously this synthetic method, which was dem onstrated first for cyclopentadienyl ru thenium complexes, can be extended to other m e tal/ligand combinations. In the present case only ?7 2 -(side-on) bonded isomers are formed, and these almost exclusively as single (RR,SS)-diastereomers. The complexes described here therefore lend themselves to stereoselective addition reac tions at the C=S function.
Experimental Section
All experiments were carried out in Schlenk tubes under an atm osphere of nitrogen using suit ably purified solvents. [Cp(NO )(Ph3 P)R eC H 3] (1) was prepared according to the literature [1 2 ], all other reagents were used as purchased.
IR: Bruker IFS 25; NMR: Bruker AM X 400 ('H , 400 MHz, TMS; 1 3 C, 100 MHz. TMS; 3 1 P, 162 MHz, H 3 PO4 ). Decomposition points were deter mined by differential scanning calorimetry (DSC).
[Cp(NO)(Ph3P)ReSCH2R] (3 a -e )
A solution of 225 mg 1 (0.40 mmol) in dichloro methane (15 ml) is treated at -7 0 °C first with 1.00 mmol of the appropriate thiol and then with 1 . 0 0 mmol of aqueous HBF4. The mixture is allowed to warm to 20 °C with stirring and is then evaporated to dryness. The remaining brown oil is chrom ato graphed over silica using TH F/Et20 5 :4 as eluent. The first orange zone contains the thiolate com plexes 3, the second, yellow zone yields small amounts of the thioether complexes 4, both of which are further purified by crystallization from dichloromethane/hexane. 3a: Yield 176 mg (6 6 %), yellow crystalline pow der, dec. 179 °C. Use of toluene (3 a -d ) or neat thiol (3e) as a sol vent avoids the formation of (chloromethyl)thioether complexes.
3a: Yield 90%. 3 b: Yield 6 6 %. 3c: Yield 84%. 3d: Yield 84%, yellow-orange crystalline pow der, identified by comparison with published spec troscopic data [13] .
3e: Yield 71%, bright yellow crystalline powder, dec. 167 °C. 
[Cp (NO) (Ph3P) Re (rf-S= CHR)]PF6 (5 a -e)
A solution of 0.15 mmol thiolate complex 3 a -e in dichlorom ethane (5 ml) is treated at -7 0 °C with a solution of 0 . 2 0 mmol triphenylcarbeniumhexafluorophosphate in dichloromethane (5 ml). The mixture is allowed to warm to 20 °C and the volume reduced under vacuum to 2 ml. The prod uct is precipitated by adding diethyl ether, col lected by filtration, washed with ether and dried under vacuum. 5a: Yield 110 mg (90%), yellow-olive crystalline powder, dec. 8 5d: A brown m aterial was obtained which, ac cording to NM R analysis, consisted of about 20% of the known complex 5d [13] .
5 e: Yield 109 mg (97%), brown crystalline pow der, dec. 200 °C. cal absorption correction was applied after meas uring the dimensions of the crystal. The coordi nates of the rhenium atoms were determined directly by Patterson synthesis in the space group 12/a (No. 15). The remaining atoms were located in three successive difference Fourier syntheses (Table V) . The positions of the hydrogen atoms were fixed at a distance of 0.96 A from their re spective carbon atoms. Least-squares cycles mini mizing Zw( IF0 1 -I Fc I ) 2 (program Crystan) led to the R values given in Table III . The 5 highest max ima of the final difference Fourier map were be tween 2 . 2 and 1 . 1 eA~3, the two highest maxima being close (d = 0.8 A) to the rhenium atom.*
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X-Ray Structure Determination of [C p(NO)(Ph3P)Re(rj2-S=CHPh)]PF6 (5 a)
Clear brownish-yellow crystals suitable for dif fraction work were obtained from a dichloromethane/diethyl ether solution. 2 2 centered reflec tions from a crystal of the dimensions given in Ta ble III gave a monoclinic unit cell. D ata were col lected from half of the reflection sphere in the range 3°<0< 24°. Delaunay-reduction led to a body-centered monoclinic cell. 178 of the 10797 reflections with h, 0 , / (h odd) were symmetry-extinct proving the monoclinic lattice. 5159 reflec tions were symmetry-independent, 3778 were classified as observed with I0 > 3a(I0). An analyti * Further details of the structure determination may be obtained from the Fachinformationszentrum Karlsruhe. D-76344 Eggenstein-Leopoldshafen, on quoting the depository number CSD 58232, the names of the authors and the journal citation.
